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NON-VOLCANIC TREMOR

BRITTLE-DUCTILE FRICTION MODEL

BRITTLE-DUCTILE FRICTION MODEL TREMOR AND THE SEIMSIC CYCLE

MODEL DYNAMICS

Tremor/LFEs provide observational constraints 
on deformation and failure of lower crust. 

Goal: devlop a simple physical model to capture 
basic features of observations
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EARTHQUAKES AND TREMOR?
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Brittle component: collection of asperi-
ties that resist motion and fail suddenly

Ductile component: in-
creases with log of slip rate 
as seen in lab experiments
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Asperity failure lengths 
follow a power law distribu-
tion, as seen in experiments 
on roughened surfaces 
(Dieterich and Kilgore, 1996).
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(Nadeau and Guilhem, 2009)

Limited observations of earthquakes and 
tremor at same place. Are changes in tremor 
dynamics during the seismic cycle robust?
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Friction model combines brittle and ductile 
deformation. Block motion resisted by collec-
tion of asperities, some brittle, some ductile.
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Earthquakes

Tremor

Simulate long catalog of earthquakes to get good statis-
tics on tremor occurrence. Compare model output with 
observations of tremor at Parkfield, looking at rec-
curence time and duration of bursts.
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“After-tremor” = events occuring
within a 2 year window after earthquake

“Fore-tremor” = events occuring
within a 3 month window before eathquake

Compare tremor rate before and after earthquake to over-
all tremor rate. Average over many events, can see if we 
expect elevated tremor rates near an earthquake.

Comparison with Observations:

Observations of recurrence time and burst duration put 
constraints on friction parameters (brittle strength, duc-
tile strength, failure lengths).
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Fore-tremor: Seismo-
genic zone creeps right 
before earthquake, in-
creasing loading rate 
on tremor zone. 

After-tremor: A tremor 
burst always accom-
panies an earthquake, 
increasing the tremor 
rate slightly. Not a 
huge effect.
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Seismogenic block slip since
previous earthquake (μm)

Slip since previous earthquake correlates with fore-
tremor rate (though not a huge effect)
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